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(57) ABSTRACT

A pumping system having a pump, such as a variable-dis-
placement vane pump or a gear pump. The pump 1n turn has
hydraulic pressure-control dissipating devices for imparting
to the o1l 1n a first control chamber a pressure lower than the
pressure of a second chamber. The system 1s characterized in
that the first control chamber of the pump has a channel
connecting the first control chamber to an o1l 1nlet. And the
channel has an opening/closing device controlled selectively
by an engine operating parameter, such as o1l temperature.

5 Claims, 4 Drawing Sheets
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1
PUMPING SYSTEM

TECHNICAL FIELD

The present invention relates to a pumping system. More >
specifically, the present invention relates to control of a vari-
able-displacement vane pump or gear pump.

Though reference 1s made 1n the following description to a

variable-displacement vane pump, the teachings of the
present invention may also be applied to advantage to a gear
pump (not shown).

10

BACKGROUND ART
As is known, vane pumps of the above type are currently 1°
used for pumping various fluids, such as lubricating o1l 1n an
internal combustion engine.

In the present imnvention, operation of the pump 1s con-
trolled by delivery pressure and a further parameter, ¢.g. o1l
temperature.

Pumping systems are known, 1n fact, which are controlled
not only by the delivery pressure of the pump but also by o1l
temperature.

Two such control systems are described i U.S. Pat. No.
5,800,131 and FR-2 825 419, in which a member sensitive to  2°
variations 1n o1l temperature acts directly on the pump ring to
vary the eccentricity, and therefore displacement, ol the pump
as a function of lubricating o1l temperature. More specifically,
eccentricity (and therefore displacement) of the pump 1is
increased by the control system as a function of the increase
in o1l temperature, to meet higher o1l demand by the internal
combustion engine.

Existing control systems of this type, however, have not
proved altogether satisfactory, by subjecting the ring to severe
torces that are ditficult to control.
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DISCLOSURE OF INVENTION

It 1s therefore an object of the present invention to provide
a straightforward hydraulic control for controlling a pump, 4V
¢.g. a variable-displacement vane pump, as a function of
delivery pressure and another engine operating parameter,
such as o1l temperature.

According to the present invention, there i1s provided a
pumping system as claimed in Claim 1. 45

BRIEF DESCRIPTION OF THE DRAWINGS

A non-limiting embodiment of the present imvention will
be described by way of example with reference to the accom- 30
panying drawings, in which:
FIG. 1 shows a prior-art system on which the system
according to the present invention 1s based;
FIG. 2 shows a first configuration of the system according
to the present invention; 55
FI1G. 3 shows a second configuration of the FIG. 2 system:;
FIG. 4 shows a third configuration of the FIG. 2 system:;
FIG. 5 shows a fourth configuration of the FIG. 2 system:;
FIG. 6 shows a graph 1llustrating control of the FIGS. 2-5
system. 60

BEST MODE FOR CARRYING OUT TH.
INVENTION

L]

For a clear understanding of the present invention, refer- 65
ence will first be made to the known system 1n FIG. 1, which
1s the object of the Applicant’s International Application

2

PCT/EP2004/052140, and on which the system according to
the present invention 1s based.

Number 10 in FIG. 1 indicates a vanable-delivery vane
pump forming part of a pumping system 100 which 1s the
object of the Applicant’s Italian Patent Application
BO2003A000528.

Pump 10 comprises, in known manner, a main body 11
having a cavity 12, in which a ring 13 translates as explained
in detail later on.

Ring 13 houses a rotor 14 having vanes 15, which are
movable radially mside respective radial slots 16 formed in
rotor 14, which 1n turn 1s rotated 1n the direction indicated by
arrow W (see below).

Main body 11 1s closed by a cover not shown 1n the accom-
panying drawings.

In known manner, rotor 14 houses a shaft 17 connected
mechanically to rotor 14; and a tloating ring 18 surrounding
shaft 17, and on which rest respective ends of vanes 15.

Shaft 17 therefore has a permanently fixed centre P1, and
ring 13 a centre P2.

The distance P1P2 represents the eccentricity E of pump
10.

As 1s known, by varying eccentricity E, the delivery of
pump 10 can be varied as a function of demand by a user
device UT downstream from pump 10 (see below).

User device UT may be defined for example by an internal
combustion engine (not shown).

As shown m FIG. 1, ring 13 comprises a projection 19
housed partly inside achamber 20; and a projection 21 housed
partly mnside a chamber 22. Projections 19 and 21 are located
on opposite sides of centre P2 of ring 13, and have, respec-
tively, a front surface Al facing chamber 20, and a front
surface A2 facing chamber 22. For reasons explained later on,
surface A2 1s larger than surface A1l and, on the basis of
theoretical calculations and experiments, must be 1.4 to 1.7
times surface Al.

Chamber 22 also houses a spring 22a , which exerts a
modest force on surface A2 to restore the control system to
maximum eccentricity E when system 100 1s 1dle.

In the FIG. 1 embodiment, chambers 20 and 22 are formed
in main body 11 of pump 10.

Main body 11 also comprises an o1l inlet 23 from a tank 24,
and an o1l outlet 25 to user device UT.

A feed conduit 26, for supplying user device UT, extends
from outlet 25.

As shown 1n FIG. 1, a first portion of the o1l supply to user
device UT 1s diverted to chamber 20 along a conduit 27, and
a second portion of the o1l 1s supplied to chamber 22 along a
conduit 28.

More specifically, the second portion 1 conduit 28 1s
almost all supplied to chamber 22 along a conduit 284 and via
a dissipating device 29, in which a calibrated pressure loss
occurs when o1l actually flows 1nside 1t.

Conduit 28 1s connected by a conduit 285 to a valve 30.

Valve 30 comprises a cylinder 31 housing a piston 32.

More specifically, as shown 1n FIG. 1, piston 32 comprises
a first portion 32q and a second portion 325 connected to each
other by a rod 32c¢.

Whereas portions 32q and 3256 have the same cross section
as cylinder 31, rod 32c¢ has a smaller cross section than cyl-
inder 31.

An opeming 33 1s formed 1n cylinder 31 and connected
hydraulically to chamber 22 by a conduit 34.

Conduit 285 substantially provides for picking up a deliv-
ery pressure signal in conduit 28, so as to act on the front
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surface A3 of portion 32a of piston 32. Alternatively, conduit
280 may pick up the pressure signal at a point within the
lubricating circuit.

The dash line in FIG. 1 shows the situation 1n which open-
ing 33 1s closed by second portion 325b.

As explained 1n more detail below, as soon as the delivery
pressure (pl) increases as a result of an 1ncrease 1n rotation
speed of pump 10, greater force 1s exerted on surface A3 and,
on reaching the preload value of a spring 36, moves piston 32
to permit o1l tlow from conduit 34 through opening 33 and
along a conduit 35 to tank 24.

At the start of conduit 35 and alongside valve 30, the o1l 1s
at atmospheric pressure (po).

Piston 32 is stressed elastically by spring 36, which 1s
suitably sized and designed to generate a force only allowing
movement of piston 32 when the delivery pressure (pl) on
surface A3 reaches a given value.

A return conduit 37 from user device UT to tank 24 com-
pletes pumping system 100.

In the known art, eccentricity E 1s normally regulated by
diverting a portion of the o1l supply to a chamber, in which the
delivery pressure acts directly on the ring. On the opposite
side, the ring 1s subjected to an opposing elastic force gener-
ated by a spring, thus establishing the eccentricity E of the
pump required to ensure the necessary o1l pressure and tlow to
user device UT.

High rotation speed of shait 17, and therefore of rotor 14
and vanes 15, however, has the effect of preventing complete
fill of a number of cavities 154, each located between two
adjacent vanes 15. In actual fact, this does not depend solely
on the high speed of rotor 14, but also on the temperature and
chemical-physical characteristics of the oil.

Incomplete fill of cavities 15a has the side-effect of pro-
ducing a force which acts in the direction indicated by arrow
F1 in FIG. 1.

As a result, the pressure to the user device 1s other than
required, on account of this undesired force which, as stated,
1s substantially generated by mcomplete o1l fill of cavities
13a.

By way of a solution to the problem, an attempt has been
made to disassociate control from these negative internal
forces by providing the so-called“hydraulic control” shown
in the present description.

As shown 1 FIG. 1, if the delivery pressure (pl) were
present 1n both chambers 20 and 22, the fact, as stated, that
surface A2 1s greater than (preferably 1.4 to 1.7 times) surface
Al would produce a force 1n the direction indicated by arrow
F2, and which would compensate the force (arrow F1) pro-
duced by mncomplete fill of cavities 15a . In which case,
maximum eccentricity E would be achieved.

The result, however, would be no adjustment at all. To
obtain the desired adjustment, therefore, the o1l pressure (p2)
in chamber 22 must be made lower than the o1l pressure (p1)
in chamber 20.

In this connection, when the delivery pressure (pl) 1s high
enough to generate a force on surface A3 of portion 32a
capable of overcoming the elastic force of spring 36, piston 32
moves 1nto the configuration shown by the continuous line in
FIG. 1, and in which rod 32¢ of piston 32 1s located at opening
33, thus permitting o1l flow from chamber 22 to conduit 34
and back 1nto tank 24 along conduit 35.

Oi1l therefore also flows along conduit 28a and through
dissipating device 29, so that the pressure (p2) in chamber 22
1s lower than the delivery pressure (pl).

In other words, the pressure (p2) in chamber 22 1s lower
than and disassociated from the pressure (pl) in chamber 20,
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so that ring 13 can be moved in the direction of arrow F1 to
establish a balanced eccentricity E value giving the desired o1l
flow to user device UT.

More specifically, as the delivery pressure (pl) increases
and reaches a value (p*) determined by the characteristics of
spring 36, piston 32 starts moving so that part of the o1l leaks
through opening 33. Valve 30 therefore also acts as a pressure
dissipating member to assist in creating the desired pressure
(p2) 1n chamber 22.

At the end of the transient state, (pl) and (p*) are equal.

The control system has also proved stable.
That 1s, control continues as long as piston 32 allows, 1.e.
control 1s taken over by valve 30, which 1s regulated exclu-
stvely by the delivery pressure (pl) and 1s unaifected by
harmiul internal forces.

Whereas 1n other control systems, the delivery pressure
(pl) 1increases, remains constant for a while, and then
decreases.

In the control system employed 1n the FIG. 1 system 100,
on the other hand, once the value required by user device UT
1s reached, pressure (pl) remains constant, even at high rota-
tion speeds of rotor 14.

When the delivery pressure reaches the value of pressure
(p™), substantially determined by the characteristics of spring
36, generation of pressure (p2) commences, and ring 13
begins moving in the direction of arrow F1 to reduce eccen-
tricity E and, therefore, the displacement of pump 10. Con-
sequently, the delivery pressure (pl) falls and tends to assume
a value below (p™), so that piston 32 reduces opening 33 and
moves 1nto an intermediate balance position.

Displacement remains fixed up to a given pressure (pl)
value, and, alongside an increase in engine speed, flow
increases, and, on reaching a given pressure (p™) value, valve
30 starts to open, and o1l begins flowing along conduit 34,
through opening 33, and along conduit 35 to tank 24. The
pressure (p2) in chamber 22 therefore falls below (pl1), so that
ring 13 moves in the direction of arrow F1 to reduce displace-
ment and, therefore, o1l flow to user device UT.

The present invention will now be described with reference
to FIGS. 2-6.

FIG. 2 substantially shows a system 100%, which repre-
sents a variation of system 100 i FIG. 1. In particular,
changes have been made to pump 10, which, for the sake of
simplicity, will now be referred to as pump 10%*.

Pump 10* 1n FIG. 2 ditters from pump 10 in FIG. 1 by
projection 21 of pump 10* having a nose 21a projecting
inside oi1l-filled chamber 22.

Pump 10* also comprises a conduit 40 connecting chamber
22 to inlet 23. Since 1nlet 23 1s permanently at atmospheric
pressure, conduit 40, when open, obviously sets chamber 22
to atmospheric pressure (po).

Conduit 40 1s fitted with a valve 41 operated by a sensor 42,
which, on detecting a physical quantity, e.g. o1l delivery tem-
perature, opens/closes valve 41.

As opposed to operating valve 41 directly by sensor 42, the
data detected by sensor 42 may be first reprocessed by an
clectronic central control umt 200, which controls opening/
closing of valve 41.

For construction reasons, in the FIG. 2-5 embodiment of
the present invention, dissipator 29 1s preferably replaced by

a conduit 29* formed on main body 11 and connecting cham-
ber 22 to outlet 25. Hydraulically, however, and particularly
as regards dissipation, conduit 29* 1s obviously equivalent to
dissipator 29.
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FIGS. 2-5 show different operating configurations of pump
10* of system 100%*, 1n which control 1s performed simulta-
neously by pressure and another parameter, e.g. o1l tempera-
ture.

As explained 1n detail below, pressure control 1s continu-
ous, whereas temperature control 1s performed 1n two stages.

FI1G. 2 shows the pump 10* configuration, 1n which nose
21a 1s withdrawn from conduit 40, and the o1l temperature T
1s below a reference value T* established by the maker.

As such, valve 41 1s open, and chamber 22, being con-
nected, as stated, to mlet 23 by conduit 40, 1s at atmospheric
pressure (po).

Since the pressure (pl) in chamber 20 1s higher than the
pressure (po) of the o1l in chamber 22, ring 13 moves rapidly
leftwards to rapidly reduce eccentricity E.

At this stage, there 1s no pressure adjustment.

Nose 21a continues moving leftwards and begins closing

mouth 40a of conduit 40 (FIG. 2). When mouth 40aq 1s closed

completely by nose 21a (FIG. 3), pressure control as
described with reference to FIG. 1 may begin.

If o1l temperature T 1s higher than value T*, however,
pressure should be controlled over the entire eccentricity E
range. In this case, therefore, the control system closes valve
41 from the outset to immediately activate control as
described with reference to FIG. 1.

In other words, conduit 40 1s closed either by the movement
of ring 13 causing nose 21a to close mouth 40a of conduit 40,
or by closure of valve 41 (controlled directly by sensor 42 or
via electronic central control unit 200) when o1l temperature
T exceeds a set value T*.

For a clearer understanding of the present invention, refer-
ence will now be made to FI1G. 6, which shows an example of
control of pump 10%*.

As 1s known, a requisite of automotive internal combustion
engines 1s low consumption at low engine speed (e.g. below
2000 rpm).

Another given 1s the fact that a lubricating circuit acts in the
same way as a hydraulic conduit containing the drive shatt,
camshaft, etc.

Contrary to what might be thought, the o1l flow necessary
to maintain a constant pressure 1n the circuit does not depend
to a great extent on the speed of the moving parts.

In FIG. 6, curve (a) shows the minimum pressures permit-
ting lubrication at engine speeds N regardless of temperature.

Assuming a target pressure, for example, of 4 bars, at
which the control system 1s activated (activation pressure of
spring 36), such a pressure requires a given oil flow, which
mainly depends, not on engine speed, but on o1l temperature.

Curve (b) shows the flow-engine speed test results relative
to 140° C. temperature and 4-bar pressure.

Curve (¢) shows the tlow-engine speed test results relative
to 90° C. temperature and 4-bar pressure.

In other words, curves (b) and (¢) show the permeability of
the hydraulic circuit at 140° C. and 90° C. respectively, to
obtain a 4-bar pressure.

Over 5000 rpm, since curve (a) 1s at a constant 4-bar value,
curves (b) and (c) comncide with curves (d) and (e) respec-
tively.

Curves (d) and (e) show, as a function of engine speed at
temperatures of 140° C. and 90° C. respectively, the flow
necessary to obtain the mimimum required pressure values
(curve (a)).

For example, at 3000 rpm, to obtain 3 bars in curve (a), 35
/min are required with a lubricating o1l temperature of 140°
C., and 20 I/min with a lubricating o1l temperature of 90° C.
This 1s due to the fact that an increase in temperature reduces
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viscosity and density, so that greater flow 1s required to
achieve the same pressure (3 bars, in the above example).

An 1deal pump 10%*, therefore, 1s one which, at 3.1 bar
pressure and 3000 rpm, gives a flow of 35 1/min with an o1l
temperature of 140° C., and 20 I/min with an o1l temperature
of 90° C., etc. For accurate control, pump 10* should there-
fore be electronically controlled. In the example shown, how-
ever, a non-electronically-controlled pump 10* must suifice.

Using a variable-displacement pump 10%*, the slope of the
characteristic curve of pump 10* can be varied to adapt opera-
tion of the pump to the real flow demand of the control
system.

The design point of pump 10* 1s represented by point (A)
(FIG. 6), which 1s the point corresponding to the minimum
flow Q, at a minimum engine speed (N1) and at maximum
operating temperature (140° C. 1n the example), ensuring
acceptable lubrication of the hydraulic circuit, 1.e. 1.5 bar
pressure (curve (a)).

Moving along line (rl), 1.e. 11 speed and tlow are increased,
a point (D) 1s reached, at which control commences at 90° C.
and at an engine speed N2, in the example, of around 1100
rpim.

Switching from line (rl) to line (r2), however, 1.¢. by vary-
ing the displacement of pump 10%*, control commences at
point (C), 1.e. at an engine speed N3 of around 2400 rpm,
much higher than speed N2.

With a conventional control system not permitting a rapid
change 1n displacement of pump 10*, energy is therefore
dissipated from point (D) onwards; whereas, with the control
system according to the present invention, energy 1s dissi-
pated from point (C) onwards, 1.e. much later, with obvious
advantages 1n terms of energy saving.

In other words, when a pump 10* with the design point at
point (A) operates at 90° C., control commences at point (D);
whereas apump 10* capable of reducing 1ts displacement and
switching from line (r1) to line (r2) could operate at 90° C.
according to the characteristic curve through point (B), and,
when operating at 90° C., would commence control at point
(C), thus avoiding high-pressure operation (1in the example
shown, maximum 4-bar pressure) between point (C) and
point (D). This characteristic of the control system 1s advan-
tageous by optimizing consumption, as intended, at low
speed.

The FIG. 6 curves simply confirm what has already been
stated, 1.e. that line (r1) must approximate as closely as pos-
sible curve (d), and line (r2) must acceptably approximate
curve (e), at least at technically pertinent speeds (the most
frequent speeds in the consumption/emission evaluation
cycle), 1.e. between 1000 and 2000 rpm. It 1s therefore vital
that, in accordance with the teachings of the present inven-
tion, displacement of pump 10* be variable rapidly to move
ring 13 leftwards as fast as possible and independently of
operating pressure. Which varation 1n displacement trans-
lates, as stated, 1n a rapid switch in operation of pump 10* as
shown by line (rl) to operation as shown by line (r2) (FIG. 6).

The invention claimed 1is;

1. A pumping system comprising:

a variable-displacement vane pump and a user device con-
nected to said variable-displacement vane pump by a
delivery conduit;

pressure control means for setting said variable-displace-
ment vane pump to a balanced configuration to supply an
o1l flow demanded by said user device, wherein said
pressure control means comprises hydraulic dissipating
means for imparting to the o1l 1n a first control chamber
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forming part of said variable-displacement vane pump, a
pressure lower than a control pressure 1n a second cham-
ber;

said variable-displacement pump further comprising a ring

which houses a rotor having vanes which are movable 5
radially mside respective slots formed 1n said rotor; and

a channel connecting said first control chamber to an o1l

inlet permanently at atmospheric pressure; said ring
comprising a projection having a nose projecting mnside
said first control chamber, wherein movement of the ring 10
causes said nose to selectively close said channel.

2. The pumping system of claim 1, wherein said channel
comprises opening/closing means controlled selectively by
an operating parameter.

3. The pumping system of claim 2, wherein said operating 15
parameter 1s the temperature of the o1l pumped by said pump.

4. The pumping system of claim 2, wherein the opening/
closing means comprises:

a valve.

5. The pumping system of claim 4 wherein the valve 1s 20
controlled by a pressure 1n a second control chamber.
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